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Over the past decade, public concerns have grown over America's energy use and 
production. Pushes towards more environmentally friendly and sustainable sources of 
energy have moved out of fringe politics and into mainstream political discourse. 
Advances in drilling technology and increased exploration of shale gas plays have made 
natural gas more available and accessible. The abundance of natural gas has led to its 
growing role in the U.S. electric production and has provided the United States with an 
opportunity to become a net exporter of energy in the near future. 
The availability of natural gas, coupled with uncertainty in the liquid petroleum 
market, has prompted stakeholders to search out additional uses for this low-cost energy 
source. The result has been a large-scale effort to encourage the use of natural gas-based 
fuel within the trucking industry. Commercial long-haul trucks and truck fleets are a 
v 
 
prime target of these efforts. The number of natural gas fueling stations around the 
country is increasing, and there are growing investments in new technologies and 
government incentives to retrofit and upgrade the nation's trucking fleet, making the 
logistics of a large-scale switch from a liquid petroleum-based fuel to natural gas much 
less complicated.  
Through a detailed analysis of natural gas trucks, fueling infrastructure, and case 
studies this report seeks to reach conclusions over the role natural gas vehicles (NGVs) 
should play in the future U.S. transportation system. Chapter 1 provides a brief 
introduction to natural gas. Chapter 2 discusses the current state of natural gas in the 
United States. Chapter 3 provides an overview of natural gas vehicle and infrastructure 
technology. Chapter 4 discusses marketplace NGV adoption factors. Chapter 5 deals with 
benefits of adoption and policy options for expansion of NGVs. Chapter 6 provides an 
overview of current federal, state and local policies and incentives. Chapter 7 discusses 
barriers and opportunities for NGV adoption. The report synthesizes and concludes that 
natural gas trucking offers the U.S. a cheaper alternative to liquid petroleum while 
promoting environmental sustainability and economic prosperity. 
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Over the past decade, public concerns have grown over America's energy use and 
production. Pushes towards more environmentally friendly and sustainable sources of 
energy have moved out of fringe politics and into mainstream political discourse. 
Advances in drilling technology and increased exploration of shale gas plays have made 
natural gas more available and accessible. The abundance of natural gas has led to its 
growing role in the U.S. electric production and has provided the United States with an 
opportunity to become a net exporter of energy in the near future. 
The availability of natural gas, coupled with uncertainty in the liquid petroleum 
market, has prompted stakeholders to search out additional uses for this low-cost energy 
source. The result has been a large-scale effort to encourage the use of natural gas-based 
fuel within the trucking industry. Commercial long-haul trucks and truck fleets are a 
prime target of these efforts. The number of natural gas fueling stations around the 
country is increasing, and there are growing investments in new technologies and 
government incentives to retrofit and upgrade the nation's trucking fleet, making the 
logistics of a large-scale switch from a liquid petroleum-based fuel to natural gas much 
less complicated.  
Through a detailed analysis of natural gas trucks, fueling infrastructure, and case 
studies this report seeks to reach conclusions over the role natural gas vehicles (NGVs) 
should play in the future U.S. transportation system. Chapter 1 provides a brief 
introduction to natural gas. Chapter 2 discusses the current state of natural gas in the 
United States. Chapter 3 provides an overview of natural gas vehicle and infrastructure 
technology. Chapter 4 discusses marketplace NGV adoption factors. Chapter 5 deals with 
benefits of adoption and policy options for expansion of NGVs. Chapter 6 provides an 
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overview of current federal, state and local policies and incentives. Chapter 7 discusses 
barriers and opportunities for NGV adoption. The report synthesizes and concludes that 
natural gas trucking offers the U.S. a cheaper alternative to liquid petroleum while 




NATURAL GAS BASICS 
Natural gas, sometimes referred to as the “eternal flame” in the ancient world, 
was first intentionally drilled in 1821 by William A. Hart in Fredonia, New York. 
Although natural gas was not “discovered” in 1821, it marked a shift towards 
commoditization of the naturally-occurring substance, eventually leading to its 
distribution by the Fredonia Gas Light Company to customers wanting to power lights on 
city streets. Natural gas became the preferred fuel for lighting until the large-scale advent 
of electricity and the electrification of cities in the late 1800s pushed the natural gas 
market in another direction. Robert Bunsen’s invention, the “Bunsen Burner,” opened a 
new market for natural gas: cooking and heating. While the Bunsen burner was invented 
in 1855, technological advances that followed World War II allowed for the creation of a 
pipeline infrastructure for widespread commercial and residential adoption.1 Until 
recently, natural gas has been mainly restricted to use as fuel for cooking and heating, but 
the shale or unconventional gas boom in the United States has led to further growth for 
the natural gas market, expanding into the transportation sector. 
The current increase in production can be traced back to the advent of the 
hydraulic fracturing technique, commonly known as “fracking.” The drilling technique 
injects water, sand, and various chemicals at high pressure into shale formations, 
cracking the rock, and creating pathways for the trapped natural gas to flow through the 
well.2 Mitchell Energy, run by George Mitchell who is credited with the modern fracking 
movement, did not invent the technique first used in the 1940s, but rather experimented 
with and invested in technology, working toward finding the “right” method to 
                                                 
1 The U.S. Department of Energy, "The History of Natural Gas,” 
http://www.fossil.energy.gov/education/energylessons/gas/gas_history.html  
2 Yergin, Daniel. The Quest – Energy, Security, and the Remaking of the Modern World, p.327. 
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economically extract the gas. This technological breakthrough laid the foundation for the 
shale gas boom currently occurring in the United States. Figure 1 below shows a 
schematic of the hydraulic fracturing process.   




                                                 





Tapping new reserves of energy through the use of new fracking techniques has 
been somewhat controversial as consensus has not been reached on its environmental 
impacts. Natural gas, the product of fracking, burns cleaner than petroleum-based fuels 
and reduces dependence on coal, providing great environmental benefits. There are, 
however, concerns over water contamination in areas where fracking occurs and many 
green energy advocates worry that increases in production of natural gas will lead to a 
slowing down of investment in renewable energy.  
National security and energy independence are also affected by this "new" 
resource. Through increased production and use of natural gas, the U.S. has the 
opportunity to move toward self-sufficiency and away from dependence on Middle-East 
and OPEC state energy production. The increase in production allowed by fracking 
techniques would also decrease fuel price volatility, resulting in a more stable energy 
market and could lead to an "in-sourcing" of jobs back into the United States. 
Access to a wide number of shale gas plays has increased over the past fifteen 
years and the available supply has followed suit. As Figure 2 shows, the U.S. is home to 
numerous prospective and currently tapped shale gas plays. In the year 2000, shale gas 
accounted for one percent of the domestic supply. By 2011, shale gas was twenty-five 
percent and is continuing to grow today. The latest figures suggest that shale gas 
currently accounts for one-third of the United States' natural gas supply,4 and current 
estimates suggest the U.S. has reserves that will last for 110 years.5 
                                                 
4 The Economist, “America's Bounty- Gas Works,” July 14, 2012 
http://www.economist.com/node/21558459  





Figure 2: North American Shale Gas Plays (2011)6
 
Fracking technological advances have produced an abundance of natural gas, 
leading to lower prices and greater access to new markets. How the U.S. decides to utilize 
this energy by re-thinking the current energy policy will have far reaching national and 
global energy and economic implications. Numerous factors affect the United States' 
                                                 




opportunity to utilize this new technology to spur domestic production, growth and long-
term commercialization. 




For the first time in decades the US has the opportunity to become the largest 
producer of natural gas, with the possibility of becoming a net exporter of energy. Figure 
3 highlights the rapid growth in natural gas in the energy sector. Within the U.S., the 
energy landscape has changed; as of April 2012, natural gas for the first time equaled 
coal as the primary fuel sources for electric generation both at 32%.8 
The changing landscape of natural gas is not only transforming the way we view 
our energy generation but has also been fueling a reevaluation of our nation's 
                                                 
7 U.S. Energy Information Administration, "EIA: Monthly coal-fired, natural gas-fired generation equal for 
first time," July 9, 2012, http://www.pennenergy.com/articles/pennenergy/2012/07/eia--monthly-coal-
fired.html  
8 U.S. Energy Information Administration, “Today in Energy,” July 6, 2012 
http://www.eia.gov/todayinenergy/detail.cfm?id=6990  





transportation system. President Obama spoke of natural gas three times in his 2013 State 
of the Union Address, stating, “We produce more natural gas than ever before -- and 
nearly everyone’s energy bill is lower because of it.  And over the last four years, our 
emissions of the dangerous carbon pollution that threatens our planet have actually 
fallen.”9 There is no question that fracking has unleashed numerous opportunities for the 
United States, as Obama's speech highlighted the benefits of increased production of 
natural gas. 
The effects of the natural gas boom reach beyond the border of the United States 
and have begun to impact the international market. The International Energy Agency’s 
World Energy Outlook for 2012 suggested that because of the shale boom, the U.S. 
would overtake Saudi Arabia and Russia to become the world’s largest oil producer, and 
as soon as 2015 would surpass Russia as the largest producer of natural gas.10 The rapid 
expansion of natural gas capabilities has caused a shift in the way the United States and 
the rest of the world view energy. 
 
  
                                                 
9 Obama, President, State of the Union Address, Feb 2013, http://www.whitehouse.gov/the-press-
office/2013/02/12/remarks-president-state-union-address  





NATURAL GAS VEHICLES 
Historically, natural gas has been used for residential and industrial needs. 
Globally, however the NGV market has allowed natural gas to expand into the 
transportation sector. Recent technological advances in natural gas extraction have 
allowed the United States to view natural gas as a viable alternative to liquid petroleum. 
Natural gas vehicle (NGV) numbers have almost doubled in the past decade with around 
20 percent of city transport buses utilizing the fuel. Currently, the United States is home 
to around 120,000 NGVs, a small percentage of the worldwide total of around fifteen 
million.11 Although the United States has only slightly more than one percent of the 
world’s NGVs, fracking is providing the abundance of natural gas needed to boost our 
rate of adoption and acceptance of NGVs.  Table 1 shows the top ten countries with 
natural gas vehicle populations, with Iran and Pakistan leading with 18.8 percent and 
Thailand at the bottom, with two percent. The United States is added to the bottom of the 
table for comparison. Currently home to 1.22 percent the U.S. is significantly behind 
most of the world where adoption of NGVs is widespread and expected to grow, 
especially in developing nations. 
                                                 




Table 1: Natural Gas Vehicle Populations (2011) 12 
 
Rank Country NGV Population % of NGVs in World 
1 Iran 2,859,356 18.80% 
2 Pakistan 2,850,500 18.80% 
3 Argentina 1,900,000 12.50% 
4 Brazil 1,694,278 11.20% 
5 India 1,100,000 7.20% 
6 China 1,000,000 6.60% 
7 Italy 779,090 5.10% 
8 Ukraine 390,000 2.60% 
9 Colombia 348,747 2.30% 
10 Thailand 300,581 2.00% 
* United States 123,000 1.22% 
 Total 13,345,552 88.32% 
VEHICLE TECHNOLOGY 
As Table 1 suggests, natural gas vehicles have been adopted worldwide and the 
existing technology is far from its infancy. Natural gas engines can come in all shapes 
and sizes and are being utilized in passenger cars, waste haulers, buses, taxis and large 
long-haul trucks. NGV technology offers advantages over conventional fueled vehicles 
                                                 
12 Natural Gas Vehicles for America, Current Natural Gas Vehicle Statistics, Summary Data 2011, NGV 
Global, http://www.iangv.org/current-ngv-stats/   
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by offering multiple options based on driving needs. There are three different types of 
NGVs currently being manufactured: Dedicated, which runs solely on natural gas, Bi-
fuel, which run on natural gas and gasoline, utilizing a dual fueling system and Dual-
Fuel, which run on both natural gas and diesel. These three engine types are fueled by 
natural gas, in either compressed natural gas (CNG) or liquefied natural gas (LNG) form. 
Both forms are considered alternative fuels under the Energy Policy Act of 1992.13 The 
Dedicated NGV engine allows customers with access to NGV fueling stations the option 
of taking advantage of lower natural gas prices, while both the Bi-Fuel and Dual-Fuel 
engines provide consumers with the option of fueling up with natural gas when it is 
available or more traditional fueling options when it is not.  The latter engine options are 
particularly advantageous because they allow consumers more options and therefore, 
more control over their energy use and costs. 
Large-scale adoption of NGV technology must rely on a steady market of 
vehicles. There are a wide variety of light-duty and heavy-duty NGVs currently on the 
market, including conversion kits to retro-fit existing gasoline and diesel engines. There 
is also an expanding market of new production engines geared toward the heavy-duty 
truck market. Table 2 shows that according to the Guide to Available Natural Gas 
Vehicles and Engines, there are numerous manufacturers who are currently supplying the 
heavy-duty market with NGVs. The table is broken down by manufacturer, engine-type, 
application, ranging from school buses to heavy-duty long-haul trucks, and emission 
certification type. 
 
                                                 
13 U.S. Department of Energy, Alternative Fuels and Advanced Data Center, Natural Gas Vehicles 
(Washington, D.C.: AFDC, 2013); http://www.afdc.energy.gov/vehicles/natural_gas.html  
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Table 2: Manufacturers of Natural Gas Engines14 
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FUELING SYSTEM 
As natural gas comes in a gaseous form, it must be stored either through 
compression (CNG) or the process of being liquefied (LNG). CNG is stored in cylinders 
                                                 
14 Argonne National Laboratory, Energy Systems Division, "Natural Gas Vehicles: Status, Barriers, and 
Opportunities," 2010; http://www.afdc.energy.gov/pdfs/anl_esd_10-4.pdf  
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up to 3,600 pounds per square inch, while LNG must be cooled to -2600F and stored in 
double-walled tanks.15 Of the deciding factors of NGV adoption, tank storage space and 
vehicle range are paramount. CNG storage tanks are heavier, require more space, and are 
less energy dense than LNG thus utilized by smaller passenger vehicles (Honda Civic 
GX) and fleet vehicles, which have shorter ranges and utilize a central charging station. 
LNG, on the other hand which requires thirty percent16 less tank space than CNG is 
mainly used in larger long-haul trucks, which allows for an increased range and is able to 
deliver the increased energy density needed for heavy loads. 
Refueling NGVs is very similar to current conventional forms of fueling vehicles. 
CNG for example can be fueled by a fast-fill or a time-fill system. Both systems pull 
natural gas off the existing infrastructure. While the fast-fill system uses a large 
compressor and stores the compressed gas in a high pressure tank which is then 
transferred to the vehicle via a pump, similar to fueling a conventional vehicle. The time-
fill system, which can be used by residential customers, relies on a smaller compressor 
and does not use a storage tank rather it slowly pressurizes the gas and fills the tank 
directly. LNG requires more storage space as it is stored in special cryogenic tanks and 
usually delivered liquefied, and is pumped like any other liquid fuel.17 Although both 
fueling options can be accessed at "gas stations" similar to the conventional fuel stations 
the nozzles and vehicle receptors form a sealed system,18 which differs from the current 
                                                 
15 Argonne National Laboratory,  Natural Gas Vehicles: Status, Barriers, and Opportunities, p.2, 
http://www.afdc.energy.gov/pdfs/anl_esd_10-4.pdf  
16 Natural Gas Vehicles for America, Technology (Washington, D.C.: NGVA, 2013); 
http://www.ngvc.org/tech_data/index.html  
17 ibid 




conventional stations and pumps. Figure 4, provides a schematic of a natural gas fueling 
system. 
Figure 4: Schematic of Natural Gas Fueling System19 
 




CNG enters the vehicle through the natural gas fill valve (A) and flows into high-
pressure cylinders (B). When the engine requires natural gas, the gas leaves the 
cylinders and passes through the master manual shut-off valve (C). The gas travels 
through the high-pressure fuel line (D) and enters the engine compartment. Gas 
enters the regulator (E), which reduces the gas pressure used for storage (up to 3,600 
psi) to the required vehicle fuel injection system pressure. The natural gas solenoid 
valve (F) allows natural gas to pass from the regulator into the gas mixer or fuel 
injectors. The solenoid valve shuts off the natural gas when the engine is not 
running. Natural gas mixed with air flows down through the carburetor or fuel-
injection system (G) and enters the engine combustion chambers where it is burned 
to produce power, just like gasoline. 
 
 
                                                 
19 U.S. Department of Energy, Alternative Fuels and Advanced Data Center, Natural Gas Vehicles 




The Alternative Fuels Data Center (AFDC) at the Department of Energy tracks 
the current available and planned fueling stations across the U.S. As of 2013 there are 67 
LNG stations in the U.S. although only 28 are accessible by the public. CNG vehicles are 
widely available with a total of 1,204 stations with 574 open for public consumption.20 
The AFDC website provides lists and locations of the natural gas refueling stations and 
even allows users to map out a route utilizing the current facilities. The ability to map out 
routes is beneficial to natural gas users but it serves to highlight the range anxiety 
problem that has plagued alternative fueled vehicles. 
The following example highlights the issue of range anxiety. There are 29 CNG 
stations along the route from Austin, Texas to Los Angeles, California. On the surface, 
this route appears to offer numerous options for re-fueling needs. However, one would 
have to travel from Austin, Texas to Tucson, Arizona (894 miles) before being able to re-
fuel. Of the 29 stations, the vast majority are located in the Los Angeles vicinity. 
Stations that are currently operating are scattered across the country but the 
majority are in California, which has historically embraced alternative fueled vehicles 
and energy rich states such as Texas and Oklahoma. The scattering of fueling centers 
leads to a regional disparity in the ability to utilize natural gas as a transportation fuel, as 
many fueling facilities are regionally clustered. 
As the number of natural gas fueling stations increase, the fueling infrastructure is 
still facing what many refer to as the “Chicken and Egg dilemma.” In that, the average 
                                                 
20 U.S. Department of Energy, Alternative Fuels and Advanced Data Center, Natural Gas Vehicles 
(Washington, D.C.: AFDC, 2013); http://www.afdc.energy.gov/locator/stations/  
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construction cost of $1.5 million21 per fueling station is cost prohibitive and will not be 
built unless there is a strong customer base utilizing the fuel. On the other hand, long-
haul trucks and locally fueled fleets are wary to purchase costly natural-gas-fueled 
vehicles without having the needed fueling infrastructure in place. 
CASE STUDY: CLEAN ENERGY FUELS  
Clean Energy, one of the largest providers of natural gas transportation fuel in 
North America is investing in solving the infrastructure problem. The Oklahoma City-
based company, co-founded by T. Boone Pickens, has been investing in fueling stations 
to expand the natural gas vehicle fueling market. Currently, the company provides fueling 
stations for over 530 fleet customers and 25,000 vehicles in the refuse, transit, trucking, 
shuttle, taxi, airport and municipal fleets that mainly utilize CNG vehicles. Clean Energy 
also owns multiple natural gas technology companies and LNG production plants, which 
serve the heavy-duty truck market.22 
In direct response to the chicken and egg issue, the company has been building 
what has been called “America’s Natural Gas Highway," as seen in Figure 5. As of 2013 
this network of 150 LNG truck fueling facilities stretches from coast to coast in strategic 
locations to facilitate long-haul trucking needs. Clean Energy Fuels have made strategic 
partnerships with natural gas-fueled truck manufacturers, as well as Pilot Flying J 
stations, which will allow for the use of pre-existing stations and existing routes.23 CNG 
                                                 
21 Deal, Anna, What Set of Conditions Would Make the Business Case to Convert Heavy Trucks to Natural 
Gas?- a Case Study, National Energy Policy Institute; 2012 http://nepinstitute.org/wp-
content/uploads/2012/12/Natural_Gas_for_Heavy_Trucks_201211051.pdf , p.10 
22 Clean Energy Fuels Corp. 2011 Summary Annual Report, 
http://www.cleanenergyfuels.com/pdf/Clean_Energy_Fuels-AR2011.pdf.zip  




fueling options are available but The Natural Gas Highway is marketed toward heavy 
freight trucking which LNG is better suited, for long-haul, point-to-point routes. 
Figure 5: Clean Energy Fuels: America's Natural Gas Highway (2012-2013)24 
 
 
Clean Energy is positioned to benefit from the increase in domestic natural gas 
production in the U.S. Its entry into the market and the ability to provide, in many cases, 
up-front investment and technology to retrofit existing conventional stations significantly 
changes the natural gas-fueling landscape. This changing landscape, of increasingly 
available fueling options, is encouraging manufactures, retailers, and consumers to 
examine natural gas as a viable alternative to conventionally liquid petroleum-fueled 
vehicles. 





NGV ADOPTION FACTORS 
 Adoption of NGVs by the private and public sectors revolve around price. Initial 
price of adoption, fuel prices and return on investment in the technology depend most 
importantly on price differential. Differences between the conventional diesel-powered 
vehicles and NGVs provide insight into adoption factors. This section expands on the 
adoption decision factors, including energy density, vehicle prices, and fuel prices, which 
is the most important determining factor of return on investment.  
ENERGY DENSITY 
Natural gas has the ability to fuel numerous types of vehicles but it stands to make 
the most inroads into the long-haul truck and fleet vehicle market. Deciding to run NGVs 
greatly depends on the function of the vehicle and the fuel energy density needs to 
accomplish that function, versus conventional diesel. Generally, LNG is used in heavy-
duty, long-haul truck applications as the energy density required hauling heavier loads 
and maintaining a comparable range to diesel is met. CNG on the other hand lends itself 
to smaller light-duty and medium-duty vehicles which does not have the same energy 






                                                 
25 Nijboer, Michiel, The Contribution of Natural Gas Vehicles to Sustainable Transport, International 




Figure 6: Volumetric Equivalence between Diesel, CNG and LNG: 26 
 
As Figure 6 shows, the physical space needed to hold and carry the CNG and 
LNG differ. LNG is mainly used in long-haul trucking capacities as it delivers about the 
same energy output as conventional diesel. 
FUEL PRICES 
When natural gas is sold as a transportation fuel it is sold in diesel gallon 
equivalents (DGEs), which take into consideration the differing energy densities. The 
price per gallon of natural gas is generally lower than gasoline. The January, 2013, 
Alternative Fuel Price Report from the U.S. Department of Energy reported that natural 
gas prices nationwide were on average $1.19 less than gasoline, and $1.86 less than 
diesel.27 As the following figures suggest, the recession of 2008 caused a shift in the way 
the oil and natural gas markets correspond to each other. Prior to the 2008 recession the 
                                                 
26 Natural Gas Vehicles Association Europe, LNG Technologies, , http://www.ngvaeurope.eu/lng-
liquefied-natural-gas-technologies, 2013 








prices fluctuated in much the same manner.  As Figures 7 and 8 highlight, as of March 1, 
2013, Henry Hub Natural Gas was trading at $3.98 compared to the $96.17 price of West 
Texas Intermediate (WTI), light sweet crude. 
Figure 7: Henry Hub Natural Gas Prices28 
 
 
Figure 8: Light Sweet Crude Oil (WTI) Prices29 
 
 
                                                 
28 CME Group, Henry Hub Natural Gas Future, March 2013, 
http://www.cmegroup.com/trading/energy/natural-gas/natural-gas.html  




The National Conference of State Legislatures' publication, Transportation 
Energy for the Future, suggests that prior to 2008 the fluctuations in prices of natural gas, 
which were then tied to the fluctuations in oil were a large reason why the technology had 
not been adopted on a large scale. The report further suggests that the increase in 
domestic supply has been a determining factor in leveling the price volatility.30 As Figure 
9 suggests natural gas prices, although expected to rise, offer a much more stable price 
compared to oil following the 2008 recession. The U.S. Energy Information 
Administration's Energy Outlook 2011 projects future natural gas prices to remain stable 
through their 2035 forecast. The stability and lower price versus conventional fuels offers 
NGV adopters the opportunity to lock in fuel prices to mitigate price spikes, allowing for 











                                                 
30 National Conference of State Legislatures, Transportation Energy for the Future: A Guide for 
Policymakers, Denver CO, 2012, p.15, http://www.ncsl.org/documents/energy/tranenergyfuture.pdf  
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The price of natural gas trucks can range anywhere from $30,000 to $70,000 more 
expensive than comparable diesel trucks.32 While natural gas engine prices are decreasing 
as more manufactures are exploring the market, stricter emission standards are increasing 
the cost of conventional diesel engines.33 Nevertheless, with a considerable up-front 
vehicle cost, fuel prices are critical for adopters to see a return on that investment. Table 
3 provides a snapshot of the vehicle type; fuel utilized, and estimated annual fuel cost 
savings by comparing CNG or LNG versus gasoline or diesel. 
                                                 
31 National Conference of State Legislatures, Transportation Energy for the Future: A Guide for 
Policymakers, Denver CO, 2012, p.15, http://www.ncsl.org/documents/energy/tranenergyfuture.pdf  
32 Deal, Anna, What Set of Conditions Would Make the Business Case to Convert Heavy Trucks to Natural 
Gas?- a Case Study, National Energy Policy Institute; http://nepinstitute.org/wp-
content/uploads/2012/12/Natural_Gas_for_Heavy_Trucks_201211051.pdf , p.17 
33 Natural Gas Vehicles: Status, Barriers, and Opportunities, Argonne National Laboratory, Energy 
Systems Division, 2010; http://www.afdc.energy.gov/pdfs/anl_esd_10-4.pdf, p.9 
23 
 
Table 3: Representative Annual per Vehicle Fuel Cost Savings by Fleet 
Market for California Based on Average Fuel Prices During 201134 
 
Market Fuel Estimated 
annual fuel 
usage (gallons) 
Cost of fuel 
CNG or LNG 





Taxi CNG vs. 
Gasoline 
5,000 $2.70 vs. $3.82 $ 5,600 
Shuttle van CNG vs. 
Gasoline 




CNG vs. Diesel 16,680 $1.62 vs. $3.02 $23,352 
Refuse truck 
(CNG) 




LNG vs. Diesel 16,680 $1.77 vs. $3.02 $20,850 
Refuse truck 
(LNG) 
LNG vs. Diesel 11,120 $1.72 vs. $3.67 $21,684 
Heavy-duty 
truck (LNG) 
LNG vs. Diesel 20,000 $2.33 vs. $3.67 $26,800 
 
Current natural gas prices versus the conventional diesel fuel have allowed the 
NGV market to take advantage of price disparities. When taking into consideration the 
up-front investment of purchasing NGVs a IHS Cambridge Energy Research Associates 
(CERA) report suggests adopters could see a return on investment in as little as three 
years without government incentives.35 The question whether to adopt or not depends 
                                                 
34 Clean Energy Fuels Corp. 2011 Summary Annual Report, p.7 
http://www.cleanenergyfuels.com/pdf/Clean_Energy_Fuels-AR2011.pdf.zip 





heavily on the availability of cheap natural gas and the purpose of the vehicle purchased. 
The following examples offer insight into two types of adopters, long-haul trucks and 
fleet vehicles.  
CASE STUDY: LYNDEN INC. 
As part of the National Energy Policy Institute (NEPI), What Set of Conditions 
Would Make the Business Case to Convert Heavy Trucks to Natural Gas, Lynden Inc. 
Transportation Company participated in a study to examine economic and operational 
conditions that would lead to private investment in natural gas trucks. The model 
accounts for fuel price, weight differential, fuel economy, operational range, price 
differential, depreciable life, salvage value, and maintenance costs versus conventional 
diesel trucks. The case study uses a profit-and-loss model in calculating cost of savings 
per mile, per truck and per fleet, based on a twenty percent return on investment (ROI) 
for Lynden Inc.36 Table 4 highlights the key finding of annual miles per truck and truck 
range of the case study, categorized from very profitable, marginally profitable, and not 
profitable. 
  
                                                 
36 Deal, Anna, What Set of Conditions Would Make the Business Case to Convert Heavy Trucks to Natural 
Gas?- a Case Study, National Energy Policy Institute; http://nepinstitute.org/wp-
content/uploads/2012/12/Natural_Gas_for_Heavy_Trucks_201211051.pdf , p.21-32 
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Table 4: Operational Characteristics: Lynden Inc. Case Study at $1.50 




-Annual miles per truck > 90,000 miles 
-Range is < 450 miles 
 
Marginally Profitable 
-Annual miles per truck is 60,000 – 90,000 
-Range between fueling is 450-750 miles 
 
Not Profitable 
-Annual miles per truck is < 60,000 miles 
-Range between fueling is > 750-800 miles 
 
The model concluded, that to achieve the twenty percent return on investment that 
Lynden Inc. required to invest in the “high perceived risk,” natural gas trucks, fuel price 
and annual range driven were key factors. The model found the critical point in the price 
differential between natural gas and diesel to be between $1.25 and $1.50.38 It was at that 
point that the twenty percent ROI was achieved, for a large percentage of the truck fleet. 
When the price differential increased above $2.00, trucks that traveled fewer annual miles 
were also able to meet the twenty percent ROI. The model also found a lower limit of 
trucks that traveled less than 20,000 miles annually or when the price differential was less 
than $0.75 the desired ROI was unattainable.39 Although the case study cautions using 
the Lynden model with other firms citing differences between the needs of trucking firms 
the model provides insight into determining factors of adopting natural gas trucks.  
                                                 
37 Deal, Anna, What Set of Conditions Would Make the Business Case to Convert Heavy Trucks to Natural 
Gas?- a Case Study, National Energy Policy Institute; http://nepinstitute.org/wp-





FLEET VEHICLES  
Dallas Area Rapid Transit (DART) unveiled its new compressed natural gas bus 
fleet on January 28, 2013. The CNG fleet consists of 459 buses and will slowly be 
replacing the conventional diesel powered buses, with five added every week. The 
transition period is expected to be complete by the end of 2015. The buses are fueled by 
four CNG fueling stations that are supported by Clean Energy Fuels. The cleaner, 
cheaper burning natural gas is expected to cut fuel costs by up to two-thirds while 
reducing carbon emissions.40 
Dallas is not alone in adopting natural gas-fueled vehicles. State fleets are 
beginning to adopt NGVs. Colorado Governor John Hickenlooper and Oklahoma 
Governor Mary Fallin began a multi-state coalition to lead in the procurement of NGVs 
for use in state vehicle fleets.41 States have the ability to become large purchasers of 
NGVs, as Oklahoma had ordered five hundred NGVs and has begun to replace existing 
state fleet vehicles with ones powered by CNG. Governor Fallin stated, “Converting the 
state’s fleet to CNG will save taxpayers millions of dollars in fuel costs.”42 As natural gas 
prices continues to provide an attractive price differential, states looking to save money 
and promote the use of domestic fuel sources may play a vital role in expanding NGVs. 
  
                                                 
40 Dallas Area Rapid Transit (DART), New CNG Buses Fact Sheet, 2013 
http://www.dart.org/news/DARTCNGNABIFactSheet.pdf  
41 Staple, Gregory, Green Fleet Magazine, "Into the Driver's Seat: States Take Action to Boost NGV 
Adoption, Nov, 2012,  http://www.greenfleetmagazine.com/article/51280/into-the-drivers-seat-states-take-
action-to-boost-ngv-adoption 




BENEFITS TO ADOPTION 
The low price of natural gas has allowed NGVs fueled by CNG and LNG to make 
inroads into the transportation marketplace, and has allowed consumers to take advantage 
of the price differential. Additionally, NGV adoption provides many external benefits 
including strengthening national security and reducing greenhouse gas emissions. These 
negative externalities, which are not calculated into most savings and cost models, have 
the potential to be reduced by expanding natural gas in the transportation sector.43 The 
following sections explore the external benefits associated with the rise in domestic 
natural gas production and the adoption of NGV technology. 
UNITED STATES OIL CONSUMPTION  
Globally, the U.S. is the largest consumer of oil; consuming 18,835 thousand 
barrels a day, while only producing 7,841 thousand barrels a day in 2011.44 Given that 
the U.S. consumption is more than double the production, the U.S. must rely on imports. 
In 2011 the U.S. imported 11,337 thousand barrels a day.45 Figure 10 below shows where 
the U.S. sources its imported oil. As of 2012, the U.S.’s top imports came from Latin 
America, Canada, followed by the Persian Gulf, and Africa.  
 
 
                                                 
43 Knittel, Chritopher, Brookings Institute: The Hamilton Project, Leveling the Playing Field for Natural 
Gas in Transportation, June 2012, 
http://www.brookings.edu/~/media/research/files/papers/2012/6/13%20transportation%20knittel/06_transp
ortation_knittel  
44 British Petroleum Company, "BP Statistical Review of World Energy," 2012, 
http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_e
nergy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy_full_report_2012.pdf 
45 Ibid., 18 
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Figure 10: Where the U.S. gets its Oil (2012) 46 
 
Currently, the U.S.’s consumption is at the lowest it’s been in sixteen years. The 
U.S. Energy Information Administration suggested that the lower demand was related to 
the “weaken[ed] economy, high unemployment, growing vehicle efficiency, and high 
fuel prices.”47 Although the U.S. as of 2011 was consuming a -1.9 percent48 lower 
amount of petroleum than 2010, the continued reliance on imported oil has called into 
question issues of national security. The following section explores national security 
issues relating to reliance on foreign oil imports, and the ability of natural gas to offset 
some of those concerns. 
                                                 
46 Flintoff, Corey, Where Does America Get its Oil? You May be Surprised, NPR. April 12, 2012, 
http://www.npr.org/2012/04/11/150444802/where-does-america-get-oil-you-may-be-surprised 
47 Rascoe, Ayesha, Reuters, Feb 27, 2013, http://www.reuters.com/article/2013/02/27/usa-eia-monthly-
idUSL1N0BRBG620130227  






National interest in energy independence is not a new phenomenon. Peak oil, the 
idea that the world’s supply of oil will at some point reach its peak in production and 
competition will ensue for the remaining reserves and the price fluctuations associated 
with an increasing global economy are very real concerns. The Center for American 
Progress’s Securing America’s Future report has assigned numerical values to the cost of 
oil. Over the past decade the U.S. has spent $2.3 trillion on crude oil and $1.5 trillion on 
oil imports.49 The findings suggest that the monetary cost of reliance on oil and oil 
imports has widened the trade deficit, weakened the U.S. economy and more importantly 
allowed our political interests to be influenced by our reliance on imported oil.50 
Similarly, a RAND Corporation report found the following: 
 
• An abrupt and extended fall in the global oil supply and the resulting higher prices 
would seriously disrupt U.S. economic activity, no matter how much or how little 
oil the United States imports. 
• Oil-export embargoes have been ineffective in advancing the foreign policy goals 
of oil exporters. 
• Oil-export revenues have enhanced the ability of rogue states, such as Iran and 
Venezuela, to pursue policies contrary to U.S. interests. 
• Terrorist attacks cost so little to perpetrate that attempting to curtail terrorist 
financing through measures affecting the oil market will not be effective. 
                                                 





• The United States might be able to save an amount equal to between 12 and 15 
percent of the fiscal year 2008 U.S. defense budget if all concerns for securing oil 
from the Persian Gulf were to disappear.51 
The Report strengthens the argument that the cost of dependence on oil as our 
major fuel source places national security in jeopardy. The above findings fail to discuss 
the increasing global demand being placed on oil. Developing countries with increasing 
middle class populations are demanding more energy needs as they develop. Exxon 
Mobil predicts that the energy demand in developing nations will rise sixty-five percent 
in the next thirty years with an increasing population rising from seven to nine billion 
mainly in Africa and India. The increased demand will be seen in electricity generation, 
industrial, transportation, and residential needs.52 NGVs provide an opportunity for the 
U.S. to mitigate the national security issues associated with dependence on oil while 
reducing greenhouse gas emissions. 
ENVIRONMENT 
Natural gas is often touted as “by far the cleanest burning” fossil fuel.53 This 
clean burning fuel not only offers solutions to issues dealing with national security, but 
has the opportunity to aid in improving air quality. Natural gas is domestic and abundant 
with recent estimates suggesting that the domestic reserves can support the U.S.' energy 
needs for generations. Recent domestic energy forecasts suggest that the U.S. will see a 
                                                 
51 RAND Institute, “Research Breif: Does Imported Oil Threaten U.S. National Security?,” (2009), 
http://www.rand.org/pubs/research_briefs/RB9448/index1.html  
52 Exxon Mobil, The Outlook for Energy 2013: A view to 2040, 
http://www.exxonmobil.com/Corporate/files/news_pub_eo.pdf  
53 U.S. Department of Energy, “Modern Shale Gas Development in the United States:  
A Primer” (April 2009), available at 
http://fossil.energy.gov/programs/oilgas/publications/naturalgas_general/Shale_Gas_Primer_2009.pdf   
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twenty-four percent increase of electricity generation needs by 2035.54 Natural gas offers 
a cleaner option, to the expected increase than coal or oil for the U.S.’s electric 
generation energy needs. Furthermore, natural gas utilized in the transportation sector 
stands to drastically reduce emissions, helping the U.S. achieve stricter air quality 
standards. 
The transportation sector accounts for up to seventy percent of the U.S.’s oil 
consumption, and up to twenty percent of the greenhouse gas pollution.55 Given that 
natural gas vehicles emit up to thirty percent less harmful greenhouse gases compared to 
their conventional gasoline and diesel counterparts, including carbon dioxide (CO2), 
carbon monoxide (NOx), and sulfur oxides (SOx),56 NGVs offer viable solutions in 
curbing emissions. Overall NGVs are thirty percent cleaner that conventional fueled 
vehicles, and the American Natural Gas Alliance suggests that converting one diesel trash 
truck is the equivalent of taking 325 cars off the road.57 Table 5 shows emission 






                                                 
54 Americas Natural Gas Alliance, Why Natural Gas? 2012, http://www.anga.us/media/content/F7D1441A-
09A5-D06A-9EC93BBE46772E12/files/why%20natural%20gas.pdf  
55 Center for American Progress, Securing America’s Future, http://www.americanprogress.org/wp-
content/uploads/issues/2009/08/pdf/energy_security.pdf 
56 U.S. Department of Energy, Alternative Fuels and Advanced Data Center, Natural Gas Vehicle 
Emissions (Washington, D.C.: AFDC, 2013); 
http://www.afdc.energy.gov/vehicles/natural_gas_emissions.html  




Table 5: Emission Reductions of Natural Gas Vehicles Compared with Similar 





















PM (particulate matter) -95 Not statistically 
significant 
-96 -86 
NOx (nitrogen oxides) -49 -17 -80 -32 
NMHC (non-methane 
hydrocarbons) 
-4 -96 -59 -64 
CO (carbon monoxide) -75 -95 +263 +80 
 
The United States has a unique opportunity to utilize domestically produced 
natural gas to lower greenhouse emissions while strengthening our national security. The 
fact that the transportation sector is responsible for large amounts of greenhouse 
emissions and the largest user of oil, NGV adoption in the heavy-truck and fleet vehicle 
sector offers a unique opportunity to mitigate national security issues while helping to 
curb emissions. The following policies offer proposals for expanding the NGV market. 
POLICY PROPOSALS: THE HAMILTON PROJECT 
The following policy proposal is directed at encouraging the use of natural gas in 
transportation is based on two major barriers. First, the lack of fueling infrastructure and 
second, the unseen social costs associated with petroleum. They were first presented in 
The Hamilton Project at the Brookings Institute’s, Leveling the Playing Field for Natural 
                                                 
58 Argonne National Laboratory, Energy Systems Division, "Natural Gas Vehicles: Status, Barriers, and 
Opportunities," 2010; http://www.afdc.energy.gov/pdfs/anl_esd_10-4.pdf 
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Gas in Transportation, by Christopher Knittel at Massachusetts Institute of Technology. 
The following is laid out in steps, providing solutions to the above mentioned barriers, 
Infrastructure-Based Policies 
1. Encourage home refueling by pricing natural gas for CNG vehicles at efficient 
rates. (State utility commissions should require local distribution companies 
[LDCs] to price natural gas for refueling at marginal cost, or at the cost of 
producing and distributing an additional unit of natural gas.) 
2. Encourage local distribution companies to offer CNG stations. (State utility 
commissions should allow LDCs to build natural gas fueling stations and to re-
coup their investments by including them in their rate base.) 
3. Establish an industry consortium to investigate and coordinate on LNG refueling 
infrastructure. (DOE could create such a consortium to establish so-called blue 
corridors networks of refueling stations along widely used routes.) 
Vehicle and Fuel Based Policies 
1. Include methanol in the Renewable Fuel Standard. (Congress should expand the 
Energy Independence and Security Act EISA, by expanding the scope of fuels 
that fit their criteria of moving the U.S. toward greater energy independence and 
security.) 
2. Mandate a significant share of vehicles manufactured to be able to burn gasoline, 
ethanol, and methanol. (Congress should take action to require that vehicles must 




3. Provide subsidies for natural gas vehicles commensurate with the reduction in 
external costs associated with their use. (CNGs should be in par with electric 
vehicle subsidies and tax incentives.) 
4. Streamline the retrofitting certification process for gasoline vehicle conversion to 
CNG. (The Environmental Protection Agency should provide streamlined 
certification process that is not unduly expensive.)59 
Chistopher Knittel’s policy proposals are by no means exhaustive but they serve to 
highlight the many aspects involved in promoting natural gas vehicles adoption. 
POLICY PROPOSALS: NATIONAL ENERGY POLICY INSTITUTE 
The National Energy Policy Institute’s, What Set of Conditions Would Make the 
Business Case to Convert Heavy Trucks to Natural Gas? – A Case Study based its policy 
suggestions off the findings of the Lynden Inc. case study. The following are policy 
options to support the adoption of natural gas in the heavy truck market. 
1. Weight Exclusion. A weight credit or “allowance” for the additional weight of 
natural gas fuel tanks would eliminate the concern and financial impact of a 
diminished payload as trucks are limited to a certain Gross Vehicle Weight and 
any additional weight reduces payload they can carry. 
2. Eliminate the Federal Excise Tax (FET) for Natural Gas Heavy Trucks: (The 
Federal Excise Tax accounts for roughly ten percent of the incremental cost of a 
heavy duty natural gas truck; this would reduce the high capital cost of the truck.) 
                                                 
59  Knittel, Chritopher, Brookings Institute: The Hamilton Project, Leveling the Playing Field for Natural 





3. Ensure a minimum $1.25-$1.50 price differential between diesel and natural gas. 
(This would serve to reduce concern and risk associated with a large capital 
investment in natural gas vehicles followed by a narrowing in the price 
differential.) 
4. Tax Credits and Grants for Infrastructure and Vehicles. (A tax credit for the 
additional cost of a natural gas tractor reduces the additional cost of associated 
risk of investing in natural gas.) 
5. Mitigate Barriers Related to Maintenance Shop Upgrades. (A tax credit for 
upgrades to natural gas maintenance garages would help mitigate high capital cost 
to upgrade.) 
6. Change the Federal Excise Tax on LNG to a DGE (per Btu) basis. (LNG and 
diesel are taxed on a per gallon basis. LNG contains less energy per gallon this is 
equivalent to a tax penalty for LNG) 
7. Access to Capital (Low interest loans would help mitigate high incremental costs 
and costs in securing private loans.)60 
In many ways, governmental entities are already involved in the promotion of 
NGVs and the use of natural gas in the transportation sector. The following looks at the 
current governing policies and incentives relating to NGVs. 
                                                 
60 Deal, Anna, What Set of Conditions Would Make the Business Case to Convert Heavy Trucks to Natural 
Gas?- a Case Study, National Energy Policy Institute; http://nepinstitute.org/wp-
content/uploads/2012/12/Natural_Gas_for_Heavy_Trucks_201211051.pdf , p.37-38 
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GOVERNING POLICIES  
FEDERAL 
At the federal level, incentives for natural gas-powered vehicles come in the form 
of tax incentives and grants, both promoting the adoption, use of NGVs, with the goal in 
aiding in the reduction of America’s dependence on foreign oil and to reduce urban air 
pollution and greenhouse gases. The current tax incentives were included in the Energy 
Policy Act of 2005 and extended with the Tax Relief, Unemployment Insurance 
Reauthorization and Job Creation Act of 2010, and the American Taxpayer Relief Act of 
2012. 
Current Federal tax incentives are listed below: 
 
• Income Tax Credits of Alternative Fuel Infrastructure: income tax credit equal to 
30 percent of the cost of installing new natural gas refueling equipment. The 
credit is worth up to a maximum of $30,000 in the case of business property and 
$1,000 for home refueling appliances. This incentive is intended to expand the 
availability of natural gas-refueling stations, increase use of natural gas as a motor 
vehicle fuel, and reduce demand for petroleum motor fuels.61 
• Excise Tax Credit to the Seller of CNG or LNG: provides an incentive for 
compressed natural gas (CNG) and liquefied natural gas (LNG) when used as a 
“motor vehicle” fuel (including use in some non-road vehicles). The 50-cent 
incentive is provided to businesses, individuals, and tax-exempt entities that sell 
or, in some cases, use the fuel. The general rule is that the credit goes to the seller 
in the case of retail transactions. If the CNG or LNG, however, is dispensed using 
a private fueling station, the credit may go to the user of the fuel. This is 
explained below in greater detail. For businesses and tax-exempt entities (e.g., 
                                                 




federal, state and local governments), the credit must first be taken as an excise 
tax offset against taxes otherwise owed on alternative fuel they use or sell, and 
then it may be taken as a refundable credit.62 
• Income Tax Credits for Alternative Fuel Vehicles: provides an income tax credit 
for businesses and individuals that acquire alternative fuel motor vehicles, 
including natural gas vehicles (NGVs). The potential value of the tax credit varies 
depending on the size of the vehicle, the incremental cost of the vehicle, and the 
emissions performance of the vehicle. In order to qualify for the incentive, a 
person or business must be a taxpayer, be the original or first user of the vehicle, 
and the vehicle must be a dedicated NGV. Conversions also qualify as long as the 
vehicle was not previously an NGV and as long as the other requirements 
discussed below are met. The vehicle must be one that has been primarily 
manufactured for use on “public streets, roads, and highways.”63 
Current grants include: 
 
• Congestion Mitigation and Air Quality Improvement (CMAQ) Program: provides 
efforts to attain the National Ambient Air Quality Standards (NAAQS), governed 
by the Clean Air Act. The CMAQ program was implemented to support surface 
transportation projects and other related efforts that contribute air quality 
improvements and provide congestion relief. The CMAQ program has provided 
nearly $30 billion for just under 29,000 transportation-environmental projects to 
state DOTs, metropolitan planning organizations, and other sponsors across the 
country.64 
                                                 
62 NGV America, Fact Sheet: Federal Incentive for Alternative Fuel Use/Sale, 2012 
http://www.ngvamerica.org/pdfs/Alternative_Fuel_Tax_Credit.pdf  
63 NGV America, Fact Sheet: Federal Incentive for Natural Gas Vehicles, 2012 
http://www.ngvamerica.org/pdfs/Alternative_Fuel_Vehicle_Tax%20Credit.pdf 
64 U.S. Department of Transportation, Congestion Mitigation and Air Quality Improvement (CMAQ) 
Program, , Federal Highway Administration, http://www.fhwa.dot.gov/environment/air_quality/cmaq/  
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• Federal Transit Authority (FTA) Grants: provides grants to help fund local and 
regional public transit systems. FTA helps communities support public 
transportation by issuing grants to eligible recipients for planning, vehicle 
purchases, facility construction, and operations. Eligible recipients must be public 
bodies such as states, cities, towns, regional governments, and transit authorities 
with the legal authority to receive and dispense federal funds.65 
• Moving Ahead for Progress in the 21st Century Act (MAP-21): provide over $105 
billion of funding for surface transportation programs for FY 2013 and FY 2014. 
MAP-21 will extend various programs that have been a major source of financial 
assistance to transit systems wanting to upgrade their aging fleets with new 
natural gas vehicles.66 
CLEAN CITIES PROGRAM  
With the wide array of incentives and grants, coordination on the state and local 
level is implemented by the Clean Cities Program though the U.S. Department of 
Energy’s, Office of Energy Efficiency and Renewable Energy's Vehicle Technologies 
Program. Clean Cities' primary goal is to reduce petroleum use in the United States by 
2.5 billion gallons per year by 2020. To achieve this goal, Clean Cities employs three 
strategies: replacing petroleum with alternative and renewable fuels, reducing petroleum 
consumption through smarter driving practices and fuel economy improvements, and 
eliminating petroleum use through idle reduction and other fuel-saving technologies and 
practices.67 Figure 11 highlights the current coalitions of stakeholders in the public and 
private sectors in the U.S. 
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66 U.S. Government Information, H.R. 4348, 112th Congress 2nd Session, 
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 Since 1993, Clean Cities Coalitions have funded more than 500 transportation 
projects nationwide through a competitive application process. Clean Cities has 
distributed $377 million in project awards, and by forming strategic coalitions with 
stakeholders in the private and public sectors, Clean Cities has dispersed an additional 
$740 million, saving more than $4.5 Billion gallons of petroleum.69 As Figure 12 
                                                 
68 U.S. Department of Energy, Clean Cities Coalitions, 
http://www.afdc.energy.gov/cleancities/coalitions/coalition_locations.php  




suggests the majority of the alternative fuels and vehicles (75.0%) savings has been 
fueled by natural gas (at 55.9%). 
Figure 12: Petroleum Savings by Technology Type70 
 
 
Many states have introduced policies to promote the use of natural gas vehicles. 
Clean Cities is instrumental in forming alliances with private and public entities and offer 
guidance to implementation. The following is an in-depth look into Texas legislation, and 
current incentives, both public and private, for promoting the adoption of natural gas 
vehicles in Texas.  
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In 2011, Clean Cities saved 349 
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vehicles. Source: Clean Cities 




Current Texas policies regulating and encouraging the use of natural gas vehicles 
have come from a need for the state to meet the minimal guidelines established by the 
Federal Clean Air Act (42 U.S.C. section 7407). The Texas Emissions Reduction Plan 
(TERP) was established by the 77th Texas Legislature in 2001 with the passage of Senate 
Bill 5.71 The plan has a number of incentives to encourage investment in alternative fuel 
vehicles, including natural gas vehicles and money dedicated to infrastructure 
development to fuel those vehicles. The plan has been instrumental in guiding Texas 
policies toward the adoption of natural gas. The goals of the Texas Emissions Reduction 
plan include: 
 
• Assure that the air in this state is safe to breathe and meets minimum federal 
standards established under the Federal Clean Air Act (42 U.S.C. section 7407); 
• Develop multi-pollutant approaches to solving the state’s environmental 
problems; and 
• Adequately fund research and development that will make the state a leader in 
new technologies that can solve its environmental problems while creating new 
business and industry in the state. 72 
TEXAS CLEAN TRANSPORTATION TRIANGLE 
Texas enacted legislation with the passage of Senate Bill 20 in the 82nd 
Legislative session leading to the development of the Texas Clean Transportation 
Triangle. The bill allocates twenty percent of allocated TERP funds, specifically for the 
                                                 
71 Senate Bill No. 5, 77th Texas Legislature, 
http://www.legis.state.tx.us/tlodocs/77R/billtext/html/SB00005F.htm  




conversion of heavy-duty fleet vehicles to run on natural gas and the infrastructure to 
support the conversion and utilization of NGVs. The funding is further broken down with 
80 percent going toward heavy-duty NGV rebates, and the other 20 percent of the 
funding specified for refueling infrastructure.73 The Texas Clean Transportation Triangle 
brought together both public and private interests, with the goal of improving Texas's air 
quality. Figure 13 shows a map of the Texas Clean Transportation Triangle. The corridor, 
outlined by the solid black lines, connects Dallas / Ft. Worth, Austin, Houston, and San 
Antonio utilizing the I-45, I-35, and I-10 routes. 
                                                 




Figure 13: Texas Clean Transportation Triangle 74
 
 
   
                                                 




Texas Clean Transportation 
Triangle (solid black lines) 
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BENEFITS OF THE TEXAS CLEAN TRANSPORTATION TRIANGLE 
 
• More than $135 million in direct investment in the Texas economy will support 
nearly 1,000 clean-fuel technology jobs. 
• Heavy-duty fleet operators report 30-40 percent cost savings for natural gas fleet 
operations compared to diesel.  
• More than $30 million in fuel costs savings, using lower cost Texas-produced 
natural gas in place of more expensive diesel fuel, can be invested back into 
Texas businesses, jobs and the Texas economy. 
• Reduced reliance on foreign energy, by displacing more than 41 million gallons 
of petroleum-diesel fuel use with more than 6 billion cubic feet (bcf) of Texas 
produced natural gas. (Source: Gladstein, Neandross & Associates) 
• Replacing heavy-duty diesel trucks, the most significant contributors to urban air-
quality problems, with clean-burning, low-emission NGVs offers one of the best 
potential strategies to improve Texas air quality and meet air quality standards. 
• Emission benefits from the implementation of the TCTT are the equivalent of 
taking more than 175,000 cars off Texas highways in the state’s most populated 
areas.75 
Further legislation relating to NGVs and refueling infrastructure include, Senate 
Bill 385 during the 82nd legislative session created the Alternative Fueling Facilities 
Program to provide incentives to build refueling stations for alternative fuel fleets. The 
program overseen by the Texas Commission of Environmental Quality offers 
reimbursements up to $500,000 to incentivize the construction of the fuel stations to 
encourage the use of natural gas vehicles.76 In addition, House Bill 3399 incentivized 
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large fleet owners to replace diesel-powered vehicles with alternative fuel vehicles. The 
bill gave authority to the Texas Commission of Environmental Quality oversight of $5.7 
million to encourage the replacement of high pollutant diesel trucks. 
TEXAS INCENTIVES 
 The majority of the incentives are under the direction of the Texas Commission of 
Environmental Quality (TCEQ), which regulates the state’s natural resources and public 
health, and promotes sustainable economic development. Other entities, including the 
General Land Office and the Texas Railroad Commission also administer incentives. The 
following is a list of available incentives in Texas. 
 
• Alternative Fueling Infrastructure Grants: part of the Texas Emissions Reduction 
Plan, provides grants for 50% of eligible costs, up to $500,000, to construct, 
reconstruct, or acquire a facility to store, compress, or dispense alternative fuels 
in Texas air quality nonattainment areas.77 
• Natural Gas Vehicle (NGV) and Fueling Infrastructure Grants: part of the Texas 
Emissions Reduction Plan, which provides grants to replace existing medium- 
and heavy-duty vehicles with new, converted, or repowered NGVs. Qualifying 
vehicles must be on-road vehicles with a gross vehicle weight rating of more than 
8,500 pounds and certified to current federal emissions standards.78 
• Clean Vehicle and Infrastructure Grants: part of the Texas Emissions Reduction 
Plan, provides grants for various types of clean air projects to improve air quality 
in the state's nonattainment areas. Eligible projects include those that involve 
replacement, retrofit, repower, or lease or purchase of new heavy-duty vehicles; 
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alternative fuel dispensing infrastructure; idle reduction and electrification 
infrastructure; and alternative fuel use.79 
• Clean Fleet Grants: part of the Texas Emissions Reduction Plan, which 
encourages owners of fleets containing diesel vehicles to permanently remove the 
vehicles from the road and replace them with alternative fuel vehicles (AFVs) or 
hybrid electric vehicles (HEVs). Grants are available to fleets to offset the 
incremental cost of such replacement projects. An entity that operates a fleet of at 
least 75 vehicles, including at least 20 diesel-powered vehicles, and that commits 
to placing 20 or more qualifying vehicles in service for use entirely in Texas 
during a given calendar year may be eligible. Qualifying AFV or HEV 
replacements must reduce emissions of nitrogen oxides or other pollutants by at 
least 25% as compared to baseline levels and must replace vehicles that meet 
operational and fuel usage requirements.80 
• Natural Gas Fuel Rates and Alternative Fuel Promotion:  the Texas General 
Land Office (GLO) makes competitively priced natural gas available to school 
districts and other state and local public entities for use in natural gas vehicles. 
The GLO has also established an alternative fuels program to aggressively 
promote the use of alternative energy sources, especially for those fuels abundant 
in Texas. The GLO alternative fuels program serves as a liaison between 
government and industry.81 
• Alternative Fuel Vehicle Replacement Grants: the Railroad Commission offers 
grants to buyers who wish to replace aging medium- or heavy-duty diesel school 
bus or delivery vehicles with qualified propane or natural gas vehicles that meet 
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or exceed current U.S. Environmental Protection Agency (EPA) emissions 
standards.82 
There are more incentives administered by private companies and utilities. Clean 
Energy Fuels offers long-term fuel prices and alternative fuel vehicle financing. The 
Texas Gas Service offers cash incentives for the conversion or purchase of NGVs. Center 
Point Energy offers feasibility studies for natural gas fueling stations.83 
LOCAL 
• Alternative Fuel Vehicle (AFV) Grants - Houston - Galveston, TX: The Houston-
Galveston Area Council provides Congestion Mitigation and Air Quality 
(CMAQ) program grants through the Houston-Galveston Clean Cities Coalition 
and Clean Vehicles Program for up to 75% of the cost of clean vehicle or 
equipment replacement, AFV conversions and repowers, vehicle or equipment 
retrofits, and anti-idling technologies. Funding is also available for up to 75% of 
eligible equipment costs to establish alternative fueling infrastructure. This grant 
is for public and private entities in the eight-county Houston-Galveston-Brazoria 
nonattainment area.84 
• Clean School Bus Program - North Central TX: The North Central Texas Council 
of Governments administers the North Central Texas Clean School Bus Program, 
which is a fuel- and technology-neutral program. The Clean School Bus Program 
aims to reduce emissions from school bus fleets by encouraging and assisting in 
the expedited purchase of clean school buses as well as the adoption and 
enforcement of idle reduction policies.85 
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83 U.S. Department of Energy, Alternative Fuels and Advanced Data Center, Texas Laws and Incentives 
for Natural Gas, http://www.afdc.energy.gov/fuels/laws/3253/TX  





BARRIERS AND OPPORTUNITIES 
Although there are many benefits to natural gas vehicles there are still barriers in 
the marketplace that must be addressed in order for NGVs to fully realize their place in 
the American transportation sector. Issues affecting NGV adoption include public 
perception, environmental and community impact concerns over fracking and the 
changing political landscape. These factors affecting NGV adoption are discussed below. 
PUBLIC PERCEPTION 
One of the largest barriers for NGVs is public perception. Mainly, what is this 
new technology, how does it work and will it fulfill my transportation needs? As the 
largest growth in NGVs is expected to come in long-haul trucks and fleet vehicles, the 
perception of adopters and decision makers is key. 
In 2012 The American Clean Skies Foundation surveyed industry stakeholders, 
both public and private on the perceived barriers facing the NGV market. The survey 
illustrates both barriers and opportunities which are often closely tied. The survey began 
by discussing confidence in the NGV market. Figure 14 below breaks down the responses 
by confidence ratings of each market of NGVs. Light-Duty, Medium Duty, and Heavy 
Duty. Ninety-Eight percent of respondents reported either “Very confident” or 
“Confident” that the Heavy-Duty market would grow in the coming year. This in itself 
speaks to the opportunities in the NGV market especially in the Heavy and Medium Duty 
market which are able to fully capitalize on the price differential between conventional 
diesel and CNG or LNG as evident in the Lynden Inc. case study. Furthermore, by 2020 
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about sixty percent of respondents thought that the price of NGVs would be half of 
today’s prices.86 
Figure 14: NGV Growth Confidence87
 
 The survey then addresses one of the major concerns of fueling infrastructure 
costs. Figure 15 below shows that fifty-seven percent of respondents reported that the 
cost of fueling equipment was the biggest barrier, followed closely by insufficient 
demand, and lack of government incentives. Access to capital and pipe extensions both 
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87 ibid  
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were reporting around thirty-percent and zoning and land use the least significant 
impediment at twenty-five percent.88 
Figure 15: NGV fueling station impediments89
 
The survey concludes asking, “Which of the following do you see as the most 
important priority for government policy in 2013?” Fueling incentives was the reported 
highest priority with forty-seven percent following by vehicle incentives at twenty-six 
percent. Government purchasing was reported at twelve percent followed by LNG excise 
tax at eight percent and government research and development at six percent.90 
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While this survey is by no means all inclusive, it highlights many important 
aspects of major opportunities and barriers. Most importantly it demonstrates that 
industry stakeholders see NGVs as an opportunity for growth in the years to come. The 
expected growth in the industry addresses the issue of public perception of NGV 
technology. The acceptance and belief that NGVs can become a large scale reality 
suggests that understanding of the technology, feasibility of implementation, and natural 
gas prices are coming together making NGVs an attractive transport option. 
ENVIRONMENTAL CONCERNS 
Another major adoption factor for the NGV market is the continued supply of 
cheap natural gas. Fracking to access natural gas deposits has recently come under 
increased public scrutiny sparked by public outcry over environmental issues. 
Over the past few years there has been an increasingly vocal reaction to the 
environmental impacts of fracking, primarily focused on water contamination issues. The 
increase in scrutiny of the process is evident in newspapers, magazine articles, and 
documentary films which highlight the dangers associated with fracking. Nationally but, 
specifically, in western New York on the edges of the Marcellus Shale Play, public 
pushback against natural gas producers has resulted in the state legislature extending a 
moratorium on fracking. A decision in March, 2013 extended the moratorium put in place 
in 2008 through 2015, so that further studies can evaluate the impacts of fracking on the 
environment.91 While environmental impacts are important to local economies and the 
vitality of the industry, the lack of comprehensive, conclusive environmental studies has 
left the public divided on the costs and benefits of continued drilling. New York is not 
                                                 




alone in its attempt to address public concerns over fracking and the chemicals that are 
used in the process. As of May, 2012 twenty-two states had fracking fluid disclosure 
requirements and an additional seven introducing new requirements,92 to publically 
disclose chemicals used in the process. This information is important for local 
communities in their efforts to monitor their local environmental concerns. 
Environmental concerns while important, may lead to increasing taxes, fees, and 
other mechanisms that may hurt the natural gas industry. As stable natural gas prices are 
tantamount to the adoption of NGVs, it is increasingly important to have conclusive 
studies relating to the impacts on the environment so that responsible drilling can be 
enforced and informed regulatory decisions can be made.  
NATIONAL POLICY 
The policy implications of fracking and the desire to be energy independent have 
recently taken national center stage. On March 15, 2013 President Obama released his 
Blueprint for a Clean and Secure Energy Future. In it he outlines his reasoning and plan 
for the U.S. The blueprint cites falling oil imports, and lowered greenhouse gas emissions 
but rising gas prices as evidence that we are “still too reliant on oil.”93 The 
Administration is calling on Congress to establish an Energy Security Trust. “The Trust is 
designed to invest in breakthrough research that will make the technologies of the future 
cheaper and better technologies that will protect American families from spikes in gas 
prices and allow us to run our cars and trucks on electricity or homegrown fuels.”94 The 
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Trust relies on a coalition of bipartisan stakeholders that looks to promote cost-effective 
transportation alternatives, and would be funded with $2 billion over the next ten years, 
from royalties from oil and gas development of the Outer Continental Shelf energy 
reserves, and is touted as an “all of the above” approach to energy sources. Included in 
the plan are specific proposals dealing with natural gas and NGVs. 
The plan embraces an all of the above approach with the following: 
• Sets a goal to cut net oil imports in half by the end of the decade. 
• Commits to partnering with the private sector to adopt natural gas and other 
alternative fuels in the Nation’s trucking fleet. 
• Establishes a new goal to double American energy productivity by 2030. 
• Challenges states to cut energy waste and support energy efficiency and 
modernize the grid. 
• Commits to build on the success of existing partnerships with the public and 
private sector to use energy wisely. 
• Calls for sustained investments in technologies that promote maximum 
productivity of energy use and reduce waste. 
• Leads efforts through the Clean Energy Ministerial and other forums to promote 
energy efficiency and the development and deployment of clean energy. 
• Works through the G20 and other forums toward the global phase out of 
inefficient fossil fuel subsidies. 
• Promotes safe and responsible oil and natural gas development. 
• Updates our international capabilities to strengthen energy security 
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• Supports American nuclear exports.95 
Although the Trust specifically touts partnering with the private sector to adopt 
natural gas in the nations trucking fleet one must view the Trust comprehensively. The 
greatest adoption factor, natural gas price differential, will continue to rely on favorable 
natural gas development policy and the acknowledgement that natural gas and NGVs are 
a key factor in energy security and reduction in greenhouse gases. 
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 Natural gas has been touted as the fuel of the future. Globally, the demand for 
natural gas has tripled over the past thirty years and is forecasted to grow another fifty 
percent in the next twenty years.96 As populations increase and developing nations 
escalate their demand for fuel, the global market will become increasingly more 
competitive. This increased competition may lead the U.S. to become susceptible to 
market fluctuations leading to a less secure future.  
That being said, the U.S. is at a crossroads. The opportunities to have an updated 
comprehensive energy policy, that embraces natural gas, will allow the U.S. to continue 
to compete globally. Fracking technologies and the ability to access natural gas offers the 
U.S. the ability to harness a domestically produced fuel to power our homes, industrial 
needs, and our vehicles. It not only burns cleaner, improving air quality, but has given the 
U.S. the opportunity to strengthen our national security with the possibility of becoming 
increasingly energy self-sufficient. Decisions and consensus is needed to produce an 
energy policy that will alleviate environmental concerns while promoting a secure and 
stable future. 
With increasing global fuel demand, the United States is in the process of 
diversifying its energy sources which provides the benefit of not being subject to the 
volatility of the international fossil fuels market. The increased production and adoption 
of Natural Gas Vehicles (NGVs) coupled with expansion of existing infrastructure has 
the ability to immediately nudge the United States further in that direction. NGVs have 
the capability to bridge the gap between traditional fuel vehicles and emerging 
technologies which can reduce our dependence on imported energy fuels. On the federal 
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level there are incentives and an increasing desire to develop a comprehensive energy 
policy. States, in particular, Texas has incentivized the development and use of natural 
gas, and refueling stations to level the playing field against traditional fossil fuels 
vehicles.  
As natural gas begins to make inroads as a viable transportation fuel, the nation 
will need a proactive policy to address upcoming challenges. The technology is available, 
and price disparities lend themselves to the adoption of NGVs, and the infrastructure is 
following close behind. To aid in the adoption and expansion of NGVs I propose the 
following in order to propose a national energy policy. 
First, utilize lessons learned from energy rich states. Texas, Pennsylvania, and 
North Dakota are experiencing huge expansions in natural gas drilling, and in turn are 
facing the environmental and community challenges associated with fracking. Texas in 
particular has enacted legislation specific to its large communities to improve air quality 
with the Texas Clean Transportation Triangle. Second, produce a non-partisan 
environmental study. Every state appears to be addressing the fracking and environmental 
issues in their own ways. While local control is encouraged there has yet to be a report 
released that is comprehensive and provides consensus. Without comprehensive reports, 
states and localities are forced to make decisions regarding fracking that are often based 
on biased reports or are susceptible to industry or environmental group pressure. This 
disallows comprehensive decisions to made, which leaves business struggling to operate 
while spending a lot of resources in the public affairs realm. Third, the abundance of 
natural gas and NGVs deserve federal and state research and development that can 
produce reports and policy suggestions so the U.S. can capitalize on the natural gas 
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revolution. Similarly, R&D efforts stand to make enormous inroads into an expanding 
NGV market, producing more fuel efficient cheaper vehicles. 
These recommendations are my no means all inclusive but would point the 
industry, environment and the U.S. public in the right direction. The U.S. is now 
grappling with the fact that energy independence could be a reality. We have gone from 
fearing an end of fossil fuels to producing an abundant, cheap, clean burning fuel. The 
U.S. transportation system should embrace and expand its use of NGVs. NGVs provide 
the U.S. with the ability to utilize the abundant natural gas, improve air quality, all while 
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